a second fraction of the population completes splicing. Two classes of splicing kinetics suggest the nascent transcript may follow one of two (or more) pathways to splicing completion, even though they have identical sequences. Alternative folding of the nascent transcript might account for these kinetic differences, and it may simply take time for the RNA to refold into a splicing competent conformation. But because concomitant polymerase movement leads to a fresh burst of splicing for the recalcitrant fraction of introns, it could also be that new RNA sequence in the extended nascent transcript contributes to refolding or recruitment of factors required for splicing rescue.
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The intriguing idea that co-transcriptional checkpoints coordinate transcription and splicing has invoked pausing near splice sites as a mechanism (Alexander et al., 2010; Chathoth et al., 2014) . SMIT seems to not show evidence for uniform pauses within or near introns, at least in yeast. In mammalian cells, several splicing-associated pauses have been identified by the NET-seq approach (Churchman and Weissman, 2011) , on which SMIT is partially based (Mayer et al., 2015; Nojima et al., 2015) . One such pause appears upstream of the 3 0 SS (Mayer et al., 2015) , although it is unclear how this pause would promote spliceosome assembly. In theory, a pause downstream of the 3 0 splice site in the exon seems logical. Evidence that such pauses exist and yet disappear when splicing is inhibited (Nojima et al., 2015) argues that they are a consequence of splicing, rather than an intrinsic template barrier. Given the greater opportunity for alternative splicing dictated by the more complex gene architecture in mammalian cells, it is possible that yeast has evolved different ways to coordinate transcription with splicing. Time will tell.
Argonaute proteins are universally conserved components of silencing pathways that associate with small RNAs (sRNAs) to regulate the expression of complementary transcripts. They are integral to the mechanism of RNAi, in which an sRNA binding partner guides its associated Argonaute protein to a complementary target mRNA transcript. In classical RNAi, silencing is achieved by catalytic ''slicer'' activity of Argonaute, resulting in endonucleolytic cleavage and subsequent degradation of the targeted transcript. However, Argonautes and their binding partners are not limited to functioning in cleavage-mediated post-transcriptional silencing, or even silencing. In addition to their well-known roles in translational repression and transcriptional gene silencing, several studies have indicated possible roles for sRNAs and a C. elegans germline-expressed Argonaute, CSR-1, in gene activation (Cecere et al., 2014; Seth et al., 2013; Wedeles et al., 2013) , though the precise mechanism remains unclear. Thus far, no silencing activity associated with CSR-1 has been identified, and the above studies suggest that CSR-1 protects its target transcripts from the silencing activity of an alternate sRNA-Argonaute complex. However, a new study by GersonGurwitz et al. (2016) upends the notion that CSR-1 does not mediate silencing and furthermore shows that CSR-1 downregulates its targets in a slicer-and dosedependent manner.
The nematode C. elegans has propelled many discoveries about small RNA silencing pathways and remains an excellent system in which to study the diverse roles and functions of Argonautes (Grishok, 2013) . C. elegans contain 27 Argonaute family proteins that play integral roles in development and defense against foreign nucleic acid invaders. Among these, only CSR-1 is absolutely required for fertility and embryonic viability, indicating a vital function. Previous studies did not find evidence of CSR-1-mediated silencing, despite apparent conservation of residues required for slicing and biochemical observations showing that CSR-1 is responsible for the majority of slicing activity in C. elegans extracts (Aoki et al., 2007) . Instead, multiple studies have shown that CSR-1, which associates with a class of sRNAs called 22G RNAs that map antisense to the majority of germline-expressed genes (Claycomb et al., 2009) , might in fact play a role in gene activation (Cecere et al., 2014; Seth et al., 2013; Wedeles et al., 2013) . Piwi Argonaute PRG-1 and 21-U piRNAs have been shown to initiate silencing of ''non-self'' transposable elements or new transgenes in the germline, resulting in generation of a separate class of 22G RNAs that associate with WAGO Argonautes to mediate epigenetic maintenance of this silencing (Ashe et al., 2012; Buckley et al., 2012; Shirayama et al., 2012) . Experiments in which CSR-1 was tethered to a nascent transcript show that CSR-1 protects the locus from piRNA-mediated silencing, resulting in increased pre-mRNA levels, which is consistent with a role in transcriptional activation (Wedeles et al., 2013) . Together with other evidence, this led to the proposal that CSR-1 protects the expression of ''self'' genes important for embryonic and germline development from the potential encroaching germline silencing activity of the piRNA pathway.
The study by Gerson-Gurwitz and colleagues (2016) shows that CSR-1 is also capable of downregulating its targets, and furthermore shows that this downregulation requires slicer activity. Correlation between genome-wide changes in transcript levels upon loss of slicer activity and levels of complementary CSR-bound 22G RNA led the authors to conclude that CSR-1 ''fine tunes'' optimal oocyte mRNA levels, which are critical for early embryonic cell divisions. These findings challenge previous assumptions that CSR-1 does not mediate silencing and suggest a novel role for sRNA-Argonaute mechanisms in regulation of maternal levels of target RNAs in oocytes (Figure 1) .
Loss of CSR-1 has been associated with chromosome segregation defects, and the authors initially sought to study the previously reported role of CSR-1 in centromere organization. However, they consistently found that depletion of CSR-1 in one-cell embryos results in a phenotype more consistent with defects in microtubule spindle assembly than in chromosome condensation. The microtubule assembly defect was revealed to be a result of CSR-1 slicer-dependent silencing of MCAK , a kinesin-13 microtubule depolymerase. Western analysis of proteins encoded by a set of 44 genes also involved in embryonic cell division with complementarity to CSR-1-bound 22G RNAs revealed that about half were similarly negatively regulated by CSR-1 slicer activity, whereas the remainder showed no change in protein levels or slightly decreased expression. Interestingly, the authors found that the fold changes in protein and mRNA levels in csr-1 mutant versus wild-type animals correlate with the density of complementary CSR-1-bound 22G RNAs. This positive and significant correlation between sRNA levels and the magnitude of CSR-1-mediated silencing suggests that genes with more CSR-1-bound 22G RNAs are more strongly downregulated by CSR-1. Notably, while there was a clear set of genes that showed significant CSR-1 slicer-dependent repression (mainly genes with high levels of CSR-1 associated antisense sRNAs), the mean and median changes in transcript levels in CSR-1 mutant/wild-type cells were less than one, revealing that many genes are downregulated upon loss of CSR-1 slicing activity.
These results shed new light on CSR-1 activity and must be reconciled with previous findings on anti-silencing functions of CSR-1. Gerson-Gurwitz et al. show that many genes with CSR-1-bound antisense sRNAs are significantly upregulated upon loss of CSR-1 catalytic activity, and the correlation between magnitude of upregulation and levels of CSR-1 associated sRNAs is striking. This leads to their proposal that CSR-1-22G RNA complexes fine-tune, rather than silence, the expression of maternal transcripts so that properly balanced oocyte protein levels are achieved. One question raised by the results is why C. elegans use this post-transcriptional mechanism to fine tune the levels of critical maternal mRNAs. The authors speculate that the specialized nature of germline chromatin required for tight suppression of somatic gene expression may limit precise transcriptional control of specific mRNA levels. Future studies on regulation of maternal CSR-1 mediates slicer-dependent downregulation of transcripts with complementarity to antisense 22G RNAs in a dose-dependent manner, likely in the cytoplasm. This regulation fine-tunes the levels of various maternal mRNAs that are deposited into oocytes and is critical for central processes such as chromosome segregation. Additionally, previous studies have shown that CSR-1 also transcriptionally activates a subset of genes, protecting them from piRNA-initiated epigenetic silencing (mediated by HRDE-1/WAGO-9 Argonaute) in the germline. load in C. elegans and other organisms are required to determine the extent to which this elegant tuning mechanism is conserved and whether it forms an indispensible mechanism for regulation of maternal mRNA levels. Furthermore, since target silencing is regulated by complementary sRNA levels, the most pressing question for further understanding CSR-1-mediated silencing is how geneantisense 22G RNAs are generated and how they are specifically loaded onto CSR-1.
Finally, over half the genes with CSR-1 associated sRNAs display a mild decrease in transcript levels in csr-1 mutant animals, generally for the class of genes that had a relatively lower density of complementary CSR-1 sRNAs per transcript. Does this broad decrease in transcript level reflect a role for CSR-1 slicer activity in activating gene expression? The possibility is tantalizing, given the previously reported role of CSR-1 in protection of self transcripts against the piRNA silencing pathway. One possibility is that CSR-1, guided by low concentrations of antisense 22G RNAs, generally mediates transcriptional activation of targets, but at higher 22G RNA concentrations mediates post-transcriptional gene silencing that can eclipse the activation effects. The silencing and activating functions may be spatially separated and regulated by trafficking of sRNAs and/or CSR-1 between P-granules, the nucleoplasm, and the cytoplasm. It will be exciting to follow future studies and see the emergence of a unifying model for CSR-1 function in embryogenesis and self/non-self recognition.
Endophytic fungi are found within the roots of healthy plants, but their function is poorly understood. In this issue, Hiruma et al. demonstrate that, under phosphate-limiting conditions, the endophytic fungus, Colletotrichum tofieldiae, provides growth-promoting and fitness benefits to Arabidopsis, but the plant must restrict fungal growth or risk pathogenesis.
How do mutualistic interactions evolve? Symbiotic relationships between fungi and roots, or mycorrhizae, are ancient and conserved in most land plants. Evidence exists that this symbiosis originated before the evolution of roots, over 400 million years ago, as plants moved onto land (Brundrett, 2002) . This relationship, which most commonly involves intracellular colonization of the host plant and growth of hyphae through the cell membrane, has been credited with enabling plants to access phosphorus, a macronutrient that is limiting in soils and generally inaccessible to plants in its native form. Notably, this symbiotic relationship has been lost in the Brassicaceae family, which includes the model plant, Arabidopsis thaliana.
Thus, an open question is, ''How does Arabidopsis access phosphorus in the soil''? One possible source of phosphate is from endophytes: bacteria or fungi that reside within plant roots. Plant roots provide stability while mediating nutrient and water uptake from soil teeming with bacteria, fungi, and invertebrates. Profiling the microbes associated with plant roots reveals the presence of rich and diverse bacterial (Bulgarelli et al., 2012; Lundberg et al., 2012) and fungal communities (Coleman-Derr et al., 2016; Rodriguez et al., 2009 ). However, little is known about the extent to which microbial association with roots has physiological relevance for the plant. In this issue of Cell, Hiruma et al. (2016) now demonstrate that the fungal endophyte,
